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Remarks 



This Amendment and Response to Non-Final Office Action is being submitted in 
response to the non-final Office Action mailed March 5, 2004. Claims 5 and 14-17 are 
pending in the Application. Claims 5 and 14-17 stand rejected under 35 U.S.C. 103(a) as 
being unpatentable over (obvious from) Friese et al. '007 (U.S. Patent No. 5,181,007) in 
view of Tani et al. (U.S. Patent No. 5,735,606), Murata et al. (U.S. Patent No. 4,901,051), 
or Gerblinger et al. (U.S. Patent No. 5,430,428). Claims 5 and 14-17 also stand rejected 
under 35 U.S.C. 103(a) as being unpatentable over Friese et al. '007 in view of Tani et al., 
as applied to the claims above, and further in view of Wienand et al. (U.S. Patent No. 
5,831,512). Claims 16 and 17 stand rejected under 35 U.S.C. 103(a) as being unpatentable 
over Friese et al. '007 in view of Gerblinger et al., as applied to the claims above, and 
further in view of Wienand et al. 

In response to these rejections, Claims 5, 16, and 17 have been amended to further 
clarify the subject matter of the present invention. These amendments are fully supported 
in the specification, drawings, and claims of the Application and no new matter has been 
added. Based upon the amendments, reconsideration of the Application is respectfully 
requested in light of the following remarks. 

Rejection of Claims 5 and 14-17 Under 35 U.S.C. 103(a) - Friese et al. '007, Tani et al., 
Murata et al., and Gerblinger et al.: 

Claims 5 and 14-17 stand rejected under 35 U.S.C. 103(a) as being unpatentable 
over Friese et al. '007 (U.S. Patent No. 5,181,007) in view of Tani et al. (U.S. Patent No. 
5,735,606), Murata et al. (U.S. Patent No. 4,901,051), or Gerblinger et al. (U.S. Patent No. 
5,430,428). 

Specifically, the Examiner states: 

Friese discloses the claimed invention at Figs. 1 or 2 except the platinum film 
resistor 6 being thin film. Tani discloses a platinum film resistor 14 that can be 
produced by thin or thick film techniques for use as a temperature sensor 
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(sputtering or screen printing - col. 3, lines 49-52) such that it would have been 
obvious to employ either type of platinum film where both are known in the 
temperature sensor resistor arts. Murata at col. 4, lines 1-12 also discloses that the 
platinum temperature sensing film may be thin or thick for use as a temperature 
sensor in a multilayered sensor such as that of Friese. One would be motivated to 
interchange the two depending on the equipment and materials available, or the 
response desired. 1 

As the Examiner correctly notes, Friese et al. do not teach or suggest the use of a 
platinum thin-film resistor, such as that described and claimed in the present Application. 
Examiner's assertion that Tani et al. and Murata et al. teach the use of a platinum thin-film 
resistor and that the use of such a platinum thin-film resistor in conjunction with a 
multilayered temperature sensor such as that taught by Friese et al. is obvious to one of 
ordinary skill in the art is clearly incorrect. 

As has been argued previously, Friese et al teach the use of two ceramic films 
(FILMS 1 and 11, Figs. 1 and 2) that are laminated and sintered in conjunction with two 
ceramic frames (frames 4 and 4', Figs. 1 and 2). See Friese et al., col. 6, line 36 to col. 8, 
line 18. Thus, the ceramic films that are laminated and sintered are ceramic green sheets. 
When laminating and sintering ceramic green sheets, it is not possible to effectively make 
use of a platinum thin-film resistor. 

In the thick film techniques taught by Friese et al., metal or cermet-based 
suspensions or pastes are applied to produce resistor tracks. See Friese et al., col. 2, lines 
32-37. Such a suspension or paste may readily be sintered or fired with a ceramic film (i.e. 
a ceramic green sheet) onto which the same is applied because the suspension or paste 
typically has a metal particle content of about 85% or more, the remaining particle content 
comprising ingredients that volatilize during sintering or firing. Thus, only a small fraction 
of the suspension or paste volatilizes during sintering or firing. 

To produce a thin-film resistor track having a sufficient thickness (of about 1 |im), 
it is necessary to apply a number of thin layers (each having a thickness of about 0.1 \xm) 
of a thin-film paste, wherein each of the thin layers has to be sintered or fired before the 

1 Non-Final Office Action, p. 2. 
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next is applied because the thin-film paste typically has a metal particle content of about 
15% or less, the remaining particle content comprising ingredients that volatilize during 
sintering or firing. Thus, a large fraction of the thin-film paste volatilizes during sintering 
or firing and it is not possible to sinter or fire the thin-film paste with a ceramic film (i.e. a 
ceramic green sheet). 

In response to this argument, the Examiner states: 

Applicant argues there is no motivation for a thin film because one would not 
interchange that with a thick film for various reasons. This argument is 
contradicted by the prior art of Murata, Tani, and Gerblinger et al. 5 which discloses 
interchanging thin and thick films in devices very similar to that of Friese - 
multilayered platinum temperature sensors. One would be motivated to do so 
depending on the equipment and materials available, or the response desired. If 
any problem exists with firing the films together, one could have fired the ceramic 
insulating plates first and then put the thin films on same. 2 

However, the Examiner overlooks the fact that the use of a platinum thin-film 
resistor with a multilayered temperature sensor such as that taught by Friese et al. would 
provide a multilayered temperature sensor that exhibits poor performance characteristics, 
not fulfilling any meaningful technical standard, and one of ordinary skill in the art would 
readily dismiss such a combination. Examiner's suggestion that "[i]f any problem exists 
with firing the films together, one could have fired the ceramic insulating plates first and 
then put the thin films on same" ignores the fact that Friese et al. teach laminating the 
ceramic green sheets and, after the lamination process, hermetically sealing the PTC 
temperature sensor inside a structure. Thus, it would not be possible to sinter or fire the 
ceramic green sheets and then put the platinum thin-film resistor on the same. 

The use of a platinum thin-film resistor in the present invention is possible because 
two ceramic substrates that have been sintered or fired prior to connecting them by means 
of a connecting frame made of a glaze comprising a glass are used. Friese et al. teach the 
application of a thick-film resistor to an insulating layer rather than to the surface of a 
ceramic substrate. According to Friese et al., the insulating layer may not be omitted in 
view of the electrical characteristics of YSZ at high temperatures. Also according to Friese 

2 Non-Final Office Action, p. 4. 
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et al., the ceramic films 1 and 1 1 are not connected directly by means of the frames 4 and 
4', the insulating layers 3 and 3" being arranged therebetween. 

For the above reasons, Applicant submits that the rejection of independent Claim 5 
and dependent Claims 14-17 under 35 U.S.C. 103(a) is improper and respectfully requests 
that the rejection be withdrawn. 



Examiner also states: 

In Friese, the glaze layer 4 is the connecting layer, described as a frame, such that it 
is in the border area as a sealing frame. A glaze is "a smooth, thin, shiny coating" 
Webster's n, New Riverside University Dictionary. As an alternative, in 
Gerblinger et al., the glass layer US is used to connect a thin or thick film layer to a 
ceramic layer, see abstract, for the purpose of protecting the thin film platinum 
layer, so that it would have been obvious to employ the glaze layer and thin film 
resistor in the Friese et al. device (thus meeting claim 17 also). The frame of Friese 
is depicted as a hermetically sealing frame surrounding the resistor 6 in Fig. 2, and 
described as a frame, see col. 3, lines 53-60, col. 5, lines 21-52. The ceramic cover 
and ceramic substrate are either 3, or films 1 and 11. The additional layers meet 
claim 16. See col. 5, line 50-51, col. 4, lines 8-14. In claim 14, the ceramic 
substrate is alumina. In claim 15, the cover layer 4' at Fig. 2 is alumina. In claim 
16, film 11 meets the claim as a cover layer and it is on the peripheral edges, as 
well as the remaining portions. 3 

As has been argued previously, the YSZ frames 4 and 4' of Friese et al. do not 
represent a "glaze" as this term is used in the Application and by those of ordinary skill in 
the art. A "glaze" is more than "a smooth, thin, shiny coating." This definition is without 
reference to any specific context, field, or technique. In the field of sensors and, in 
particular, temperature sensors, the term "glaze" (as translated from the German term 
"Glasur") refers to a glass that has been melted at a specific temperature, and such a 
"glaze" is characterized by the fact that it may be repeatedly melted at the same 
temperature. On the contrary, a YSZ green sheet that has been sintered or fired at a 
specific temperature may not be melted again by heating the YSZ green sheet to the same 
temperature. Thus, the YSZ frames 4 and 4' of Friese et al. do not represent a "glaze" as 
this term is used in the Application and by those of ordinary skill in the art. 



3 Non-Final Office Action, pp. 2-3. 



The above definition of the term "glaze" is supported by the Engineered Materials 
Handbook, Vol. 4: Ceramics and Glasses, pp. 9,10, and 1061-1068 (1991), prepared by 
ASM International (copy attached), which states that "[a] glaze is defined as a continuous 
adherent layer of glass (or glass and crystals) on the surface of a ceramic body that is hard, 
non-absorbent, and easily cleaned." The term "glaze" and its use in the Application are 
now made explicit in amended Claim 5 which recites, in relevant part: 



a connecting layer made of a glaze comprising a glass that is applied to the 
ceramic substrate in a frame-like shape in a border area surrounding the platinum 
thin-film resistor by means of which the ceramic cover layer is connected with the 
ceramic substrate in such a way that the platinum thin-film resistor is sealingly 
encapsulated with regard to the environment, wherein an interior portion of the 
connecting layer defines a void within which the platinum thin-film resistor is 
disposed 

This defect of Friese et al., in that they do not teach or suggest the use of a 
connecting layer made of a glaze comprising a glass that is applied to a ceramic substrate 
in a frame-like shape in a border area surrounding a platinum thin-film resistor by means of 
which a ceramic cover layer is connected with the ceramic substrate in such a way that the 
platinum thin-film resistor is sealingly encapsulated with regard to the environment, is not 
cured by Gerblinger et al., nor by any of the other references cited by Examiner, as Claim 5 
has also been amended to recite, in relevant part: 



a connecting layer made of a glaze comprising a glass that is applied to the ceramic 
substrate in a frame-like shape in a border area surrounding the platinum thin-film 
resistor by means of which the ceramic cover layer is connected with the ceramic 
substrate in such a way that the platinum thin-film resistor is sealingly encapsulated 
with regard to the environment, wherein an interior portion of the connecting 
layer defines a void within which the platinum thin-film resistor is disposed 
(emphasis added) 

Neither Friese et al., Tani et al, Murata et al, nor Gerblinger et al. teach or suggest 
the use of a frame-like connecting layer made of a glaze comprising a glass, wherein an 
interior portion of the connecting layer defines a void within which a platinum thin-film 
resistor is disposed. 
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According to the present invention, the platinum thin-film resistor is substantially 
not in contact with any glaze, such that problems with electro-chemical decomposition of 
protective glazes when in contact with current-carrying thin-film resistors at high 
temperatures are avoided (see specification, p. 2, lines 6-17; p. 4, line 36 to p. 5, line 19; p. 
7, lines 20-26; and p. 8, line 32 to p. 9, line 6). None of the references cited by the 
Examiner include any hint or suggestion regarding the decomposition problems 
encountered when making use of a "full area" connecting layer made of a glass. Thus, one 
of ordinary skill in the art would have no motivation to depart from the usual practice of 
using such a "full area" connecting layer made of a glass, especially in light of the fact that 
a "full area" connecting layer made of a glass provides acceptable sealing performance. 

For the above reasons, Applicant submits that the rejection of independent Claim 5 
and dependent Claims 14-17 under 35 U.S.C. 103(a) has been overcome and is now 
improper and respectfully requests that the rejection be withdrawn. 

Rejection of Claims 5 and 14-17 Under 35 U.S.C 103(a) - Friese et aL '007, Tani et aL, 
and Wienand et aL: 

Claims 5 and 14-17 also stand rejected under 35 U.S.C. 103(a) as being 
unpatentable over Friese et al. c 007 in view of Tani et aL, as applied to the claims above, 
and further in view of Wienand et al. (U.S. Patent No. 5,83 1 ,5 12). 

For the above reasons, Applicant submits that the rejection of independent Claim 5 
and dependent Claims 14-17 under 35 U.S.C. 103(a) has been overcome and is now 
improper and respectfully requests that the rejection be withdrawn. 

Rejection of Claims 16 and 1 7 Under 35 U.S.C 103(a) - Friese et aL '007, Gerblinger et 
aL, and Wienand et aL: 
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Claims 16 and 17 stand rejected under 35 U.S.C. 103(a) as being unpatentable over 
Friese et al. '007 in view of Gerblinger et al., as applied to the claims above, and further in 
view of Wienand et al. 

For the above reasons, Applicant submits that the rejection of dependent Claims 16 
and 17 under 35 U.S.C. 103(a) has been overcome and is now improper and respectfully 
requests that the rejection be withdrawn. 



Since the amendment to the claims does not add more claims than 
previously paid for, no additional fee is required. 

In view of the foregoing amendment and these remarks, this application is now 
believed to be in condition for allowance, and such action is respectfully requested on 
behalf of Applicant. 



Respectfully submitted 
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be used as a blank or slug for other formine 
• operanons. ° 
Piston extrusion is an intcrmittcm opera- 
tion ui which a prepared batch or a dc-aired 
slug is placed in a cylinder and forced through 
a die. Pressures up io 50 MPa (7.3 ksi) can 
be achieved. As is the case with all extrusion 
operations, only pans that arc symmetric to 
me extrusion axis can be produced. 

Auger oxtrusion ia a commonly Used con- 
tinuous operation in which high extrusion 
pressures are not required. The auger extra- 
der consists of q cylinder, feed screw, and 
die The feed screw pushes the batch through 
me die. It is common co have a pug mill in- 
line with the extruder. A pug mill consists of 
a trough, fed by a separate de-airing screw 
that forces the batch through a shredder into 
a vacuum chamber. The dc-aired and shred- 
ded batch is then fed by screw into the extru- 
sioa cylinder and through the die. Auger 
exfruBion pressures (4 to 15 MPa, or 0.6 to 
2.2 ksi) tend to be lower than those used in 
piston extruders, and a more plastic batch is 
required. 

Pressing is the simultaneous compaction 
and shaping of a powder or granular mass 
confined in a rigid die or flexible mold. 
Pressing can be classified by the direction of 
pressure application, that is, uniaxial or 
isostaric. 

Uniaxial pressing is what is commonly 
referred to as die pressing. A die cavity is 
filled with a metered quantity of powder feed 
and then is compacted by the action of punches 
moving along a single axis. Uniaxial pressing 
can be further classified according to the 
moisture content of the feed. Dust pressing 
applies to the compaction of feed containing 
5 to 15% moisture at high pressures (140 MPa 
or 20.3 ksi), in a steel die. When the mois! 
aim content of the feed is reduced to <2%, 
the compaction is referred co as dry pressing! 
[ndry pressing, higher pressures (200 to 250 
MPa. or 29 to 36 ksi) are required than dust 
praseing. A binder and lubricant are typically 
smploycd. 1 
Isostatic pressing involves the application 
>f pressure equally to all surfaces or the feed. 

S? S ? tiC prCSS consi «S of a pressure vee- 
el filled with an incompressible fluid. The 
bed is enclosed in a sealed clastomeric mold 
mmersed in the fluid, and pressurised, The 
Liud transfers pressure equally to all sides of 
10 P 0 *- Typical pressures are 250 MPa (40.6 
si)^ 

Slip costing is the process whereby a self- 
jppordng shape is produced by the filtration 
F liquid from a suspension by the action of 
porous mold. In this process a slip, or 
•flocculated suspension containing 40 to 55 
} i % so . iids ' is Poured into a plaster mold 
fter a layer has formed, the excess slip is 
>ured away. The mold continues to draw 
iter away from the cast layer, allowing the 
r-er to assume a rigid piastic state, where- 
on .t may be removed from the mold. This 
referred to as drain casting. If the slip is 



not drained from the mold and the entire cav- 
ity * allowed to solidify, the process is referred 
to as solid casting. 
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Stru€tural Clay Products 

The use of ceramics in construction dates 

\7J?°™ 4000 ycar15 ' Ufban planners 
atMohcnjo-Daro in die Indus Valley used fired 
clay bricks and tile for public buildings, water, 
supply conduits, and an advanced sewer sys- 
tem. Fired ceramics have been used ever since 
as structural materials because of their high 
compressive strength and imperviousness to 
water penetration. Today, structural cIav 
products constitute over 50% of the entire 
ceramic industry. Table 8 identifies principal 
Jgoduct types and their varied applications 
There are many compositions that offer unique 



Table 8 Classification of 
structural cloy products 

I- Bricks " ™ 

A. Facing 

1- extruded 

o. SoJW, ftmootft, texnaco, or glazed 

b. Cored, smooth, textured, or glazed 

c. Panel, smootn. textured, or giazea 

2. Sand molded, natural, colored, or el&zod 

3. Dry pressed, solid 

B. Paving, solid; extruded 

1. Sidewalk, smooth or textured 

2. Street or hifibu^y. smooth or t*xtun?d 

C. Industrial floor, solid, soooth. or textured: 
extruded 

D. Chimney, extruded 
£. lodofioial chimney liningi ftxtruded 
P. Sewer aod manhole; extruded 

fl. TQes 

A. Structural for Walls: extruded 

1. Ndaload-beariog, smooth or texrurcd 

2. Load-bearing, tmaoth or textu^d 

3. Facing 
o. Smooth 

b. TexQired 

c. Clxwd 

d. Acoustical 

e. Uxhrwcignt 

f. ThnjQgb-ihe- waJI 

4. 3cxeca. smoott) or textured 

B. Floor 

1. Large-cored, smooth or textured: e*trudcd 

2. Qua™ plastic pressed a 

3. Mosaic, ooglazed aod glazed; dry pressed 

C. WaJI. undated aud elated: dry 

D. Roofing; extruded and plastic pressed 

E. Flue Linings; extruded 

m. Pipes, extruded 

A. Sewer and drain, plain or glazed 

1. Bell and spigot end 

2. Plain end 

B. Perforated subordinate 
I- Bell and spigot end 
2. Plain esd 

C. CbcDiicat*fesUcnat. p i a j n or gttxtxi 

D. Conduit. pJaIa or glased 

E. Drain bit 

1. Plaio 

2. Perforated 

tV. tiner plates, curved or flat, plain or glazed 
V. Filter blocks for anciUSne tutors, plain, or glazed 
VT. Chemical- resistant tower pAcJongc 
VP. Terra coua specialty shapes 



properties specific to their end use These 
variations become very large in number if the 
aoatheaca P f rhc product are considered 

The industry is based on improved tech- 
nologies.^ rather than improved materials It 
can be 3Q id that the majority of structural clay 
products are commodities, rather than spl 
ualties. As such, the industry can be consid- 
ered eonservorive in chat manuTacturing issues 
focus on highly automated process and on 
minimizing labor costs, 

Cfn ^ fll '' ^ exception of tile, most 
structure clay products are coarsegrained 
^jnucs. The primary raw materials axe typ. 
ically located on or near the property of the 
manufactunng facility. Both clay and argil- 
laceous shale are used with little or no bene, 
faoianon. except when the application is tile, 
lor which compositions of beneficiated raw 
materials arc used. Typical bodies contain 35 

Z^t^Ji" ** % mex - sucn smc *> 
and 25 to 55% flux materials. In many case*, 

the local raw materials contain these constit- 
pnyonioas close to that required in 
the end product. For example, a New Jersey 
Sft d ^* 1 SiO,, 18% AW^j 

\t W* 0 " 2% aDuUinc carin oxides, and 4% 
2UkaL ? s : V th . a Joss on ienicioo of 4%. This 
material, by itself, was found to make a sat- 
isfactory brick. The various type-,- and colors 
of clay minerals used in the United States for 
structural clay products are; 

• Crude, residual, kaolinidc clays; white 

• Kaoliaitio-illifie fireclays; buff 

• Dlioc-kaolinitic shales* red 

• Ulicic clays; red 

• TJUric eholca; red 

• niitic-chioritic shales; red 

• Ar^aceous^alcarcous clays; pink to buff 

• Argillaceous-caleareous shales; plnX to 
buff 

The properties of structural clay products 
vary depending on the type of product, the 
raw materials used, and the firing conditions. 
Tne most important properties tend to be 
compressive strength and water absorption. 
For example, paving bricks range in com- 
pressive strength from 17 to 137 MPa (2.5 to 
20 ksi) and 1 to 6% absorption. whUe facing 
bnck can hav p a compressive strength ranc- 
£Sfrom4 to 137 MPa (0.6 to 20 ksi) and 2 
to ^5% absorption. The variatioii is indicative 
of the different end uses. Table 9 gives toe 
compressive strength and water absorption for 
four general types of products. 

Glms 

A glaze is defined as a continuous adherent 
layer of glass (or glass and crystals) on the 
surface of a ceramic body that is hard, non- 
abfcorbenc, and eaaily cleaned. The suTTace may 
be shiny or matte. A glaze is usually applied 
as a suspension of glaze-forming ingredients 
in water After the glaze layer dries on the 
surface of the piece, it is fired, whereupon 
the ingredients melt to form a thin layer of 
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Table 9 Selected properties of 
structural cloy product types 





Compressive strength 






MPs 




chsofptioft, 


Product 


ksl 
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Fancy trick 




0.58-20 


2-25 


Poviflg brick 


17-137 




1-0 


Structural Ule 


3.5-69 


0.51-10 


2-2B 


Drain tile for 




2.53-21 






pipe 


10-73 


1.45-Jl 
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glass. The glaze may be fired at the same time 
as the body or in a second fixing. Typical 
glazes can be made to mature from 500 to 
1500 °C (930 to 2730 T), depending on the 
items to which they arc applied. 

Glazes arc classified as to their optical 
properties and composition. Glazes tend to be 
transparent (clear), opaque (enamel), fine 
interior crystals, or large interior crystals 
(crystalline). Described below in terms of 
molar composition are the common types of 
raw, fritted, and special glazes. 

Row glazes arc available in these five 
compositions: lead-containing, Icadiess, sine- 
containing, porcelain, or slip. 

Paw lead glazes arc only used on artware, 
rather than commercial wore, because of the 
health hazards associated with soluble lead. 
A typical bright glaze maturing at cone 05 
(1031 °C, or 1890 °F) has the composition of 
0.5 PbO, 0.2 AJ 2 0 3 , 1.0 Si0 2 . 0.3 CaO. and 
0.1 Na 2 0. 

Lecdless glazes are designed to lower the 
maturity of porcelain glazes without the use 
of lead oxide (1190 P C. or 2175 °F). A typ- 
ical glaze has the composition of 0.217 K 2 0, 
Q.3S2 AlnOa, 2.77 SiOa, 0.454 MsO, 0 454 
CaO, 0.135 BaO, and 0.82 Sn0 2 

2inc-contai*mg glazes, sometimes referred 
to as Bristol glazes, are used on stoneware 
and terra cotta clayware. They are useful when 
a lower maturing temperature than is possible 
with a porcelain glaze is desired, and mature 
at cone 5 (1175 "C, or 2145 °F). A typical 
glaze has the composition of 0.36 K 2 0, 0.5 
Al 2 O a , 3.16 Si0 2> 0,40 CaO, and 0.24 ZoO. 

Porcelain glazes arc designed to mature in 
the same temperature range as o porcelain 
body, cones 8 to 10 (1236 to 1285 °C, or 2255 
to 2345 °F). A typical bright glaze has the 
composition of 0.3 KjO, 0.58 A1 2 0 3 , 3.75 
Si0 2 , and 0.7 CaO. A mane porcelain glaze 
maturing at the same temperature is made by 
increasing the alumina and decreasing the oil* 
ica. Its composition is 0.3 K 2 0, 0.65 A1 2 0 3 , 
2.25 SiOj, and 0.7 CaO. 

Slip gUaes are natural claye used for aitwerc 
glazing and high-tension electrical porcelain 
insulators. They have a maturing range of 1200 
to 1300 °C (2190 to 2370 °F). Their approx- 
imate composition is 0.20 K : 0, 0.60 A1 2 0 3 
4.00 5J0 2 , 0.45 CaO, 0.08 fe.0 2 , and 0.35 
MfiO. 

Fritted glazes can cither contain lead or 
be tcadless. A frit is a glass ground to a fine 



powder and used as one of the glaze constit- 
uents. The main purpose of fritting is to be 
able to use water-soluble materials by melt- 
ins them together to form a relatively insol- 
uble glass. Secondary purposes for fritting arc 
to obtain Dener working properties of the glaze, 
to distribute color more uniformly, and to 
reduce the toxicity of materials such as lead 
Frtned glazes, whether lead or ieadlcss, may 
be totally fritted or partially fritted. The deci- 
sion to partially frit a glaze, use raw materials 
with a tot, or to completely frit is usually a 
cost issue, because frits may increase the cost 
of the glaze constituents by a factor of ten 
Fttned glazes are used for all types of ceramic 
bodies. A typical leaded frit composition is 
0.50 PbO, 0.10 A1A, 2.70 SiO*, 0.30 Na.0. 
and 0.20 K 2 0. A rypical leadless fritted glaze 
containing boric oxide, BjQj, which is sol- 
uble in water, has the composition of 0 69 
CaO, 0.37 Al 2 Cb, 2.17 SiO,, 0.19 Na.0, L16 
BsO,, and 0.12 K,0. 

Special glazes are available in these four 
compositions: salt vapor, luster, crystal, or 
reduction. 

Salt glazing is a common method for glaz- 
ing stoneware and structural clay products. 
Hie filaze is farmed by throwing common salt] 
NaQ, into the kilo during the sintering stage 
of liriag. The salt decomposes to form Na^O 
and HCL and the Na»0 combines with AJ 2 0 2 
and SiOj on the surface of the product to form 
a complex silicate glass layer. It is common 
in firing from cones 5 to 8. 

busier glazes consist of a thin, metallic 
coating fired on top of a lead-based glaze. 
The coating is achieved by applying a metal- 
lic salt dissolved in an organic resin over a 
fired glaze. The luster is fired at a low tem- 
perature that is high enough to decompose the 
resin and salt but is lower than the softening 
point of the glaze. The decomposed resin 
provides carbon, which acts on the easily 
reducible oxide to produce the thin, metal film. 
The metallic salts include bismuth, lead, zinc, 
cobalt, silver, and gold. The various metai 
salts produce a variety of reds, yellows, 
browns, and suvery- white lusters, as well as 
nacreous and iridescent sheens. 

Crystalline glazes are a special type that, 
under the proper heat treatment, promote 
crystal growth within the Blaze. The most 
rypical glazes are zinc-based, which produce 
wuicmltc (ZnO-SiO*) crystals. A formulation 
(hat is typical of this type of gJazc has 0.235 
K 2 0, 0.162 A1 2 0 3 , 1.700 SiOj, 0.087 CaO 
0.202 T!0 2 , 0.052 Na 2 Q. 0.051 BaO, and 
0.575 ZnO. 

Applications, Glazes may be applied cither 
wet or dry. The process or wet glaze appli- 
cation entails first preparing the glaze sus- 
pension. This is typically done by mixing the 
glaze constituents in a bail mill. During this 
operation the ingredients are intimately mixed 
and the particle size is adjusted. Next, the 
glaze slurry is scrcenec ana passed through 
magnetic filters, thereby removing any mill 
residue and ferrous contamination that could 



lead to glaze surface defects. Once the gl* 
suspension is screened, ite rbeology 
adjusted. The glaze is applied to the ware 1 
either painting, pouring, dipping, or spra- 
ins, depending on the type of product and %\ 
production volume. 

Dry glaze application is done in limitc 
instances. In the case of special tile design 
Spray-dried glaze granules are poured over tr 
shape to which an adhesive has been appliet 
such as a carboxymethyl cellulose gum eol. 
uon. The glaze granules stick to the snap, 
which is then dried and rued. The advantage 
of this method are that unique patterns &i 
possible, glaze waste is minimized, and dryir 
time is reduced. 



Portland Cement 



Cement is a synthetic mineral mixture th; 
when ground to a powder and mixed wi 
water, forms a stonelike maw. This mo 
results from a series of chemical reactio 
whereby the crystalline constituents bydrat 
forming a material of high hardness that 
extremely resistant to compressive loadin 
During hydration, cement forms a noncry 
talline paste that has good adhesive prope 
ties. When the cement paste has set ar 
hardened, it consists of subrnicron-sizc 
crystals in a gel-like material that poseee* 
a high surface area value. Cement is cha 
actcrized by me presence of four main cor 
pounds: calcium trisilicate, calcium dirilicar 
cn calcium aluminate, and tetracalciu 
oluminofcrritc. 

The history of cement dates back to € 
Romans, who found that mixtures of volcan 
ash, lime, and clay would harden when wc 
and used it extensively to build structures. 
1757, it was found that burned and grouj 
high ealdtic clays would harden when placi 
in water. In 1824, a patent was granted » 
British bricklayer who formulated a new ry\ 
of cement with improved hardness. Becau 
the color of the material after hydratit 
reminded him of the limestooe oa the Isle 
Portland, he named the product portlai 
cement. This cement was made by light 
calcining small batches of lime and clay ai 
grinding the product to fine powder. 

The modem nunufacturing process is ve 
basic and has not been radically changed sin 
its inception except for the use of compute 
controlled equipment, which has great 
improved the consistency of the final pro 
uct. In addition, the process has now becon 
more energy efficient and there is less wa> 
of material. 

The monufocturing process Of Cemc 
involves four basic operations: 1) quarryij 
and crushing of raw materials; 2) grinding 
High fineness and carefully proportioning 0 
mineral constituents,- 3) pyroprocessinfi tJ 
raw materials in a rotary calctoer; and 
cooling and grinding the calcined product, 
clinker, to obtain a fine powder. 
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1 VITR£OUS CERAMIC COATINGS are 
mtAlea over substraies for a number of rea- 
T _J (Kef 1). These coatings may be applied 
i a substrate surface to render the surface: 



Chemically more inert 
Impervious to liqulas ana gases 
More readily clcanable 
Smoother and more resistant to abrasion 
and scratching 

Mecnanically stronger 
~. Decorative 
g£ Aesthetically pleasing 

|. Vitreous coating Are thin layers of glass 
used onto the surface of the substrate. When 

gjtae. When the substrate is a metal, the 
Aa^ngjfi called a porcelain enamel. When 
^•ubstrate-is a glass, the coating is called 
pass enamel. 

There are two genera] types of properties 
Jmustbc present In a ceramic coating (Ref 
; ™ requirement derives ftom the fact 
it the coating must be applied to and bond 
* the substrate. The composition must fuse 
i nornogefleous viscous giase at a temper- 
e that is either coincident with the tem- 
"- at wwch the body matures or at a 
Cure sufficiently lower to prevent dis- 
dd of the eubatratc during glost firing 

CT? g f ^ Of the coding 

wnals. they must react with the substrate 
norm an mtcracdiate bonding layer of 
opcr thickness. If the bonding layer or 
«rrace is too tbm. the coating will flake off 
m application and subsequent ruing. If the 

^°£j. ayef * 100 ^ * e composition 
body or the coating may be degraded 
^coating must also have a coefficient of 
M^Z expansion that coincides or fits the 
gyrate (Rcf 3). When the fired ware is 
mta, the coated substrate contracts. If the 
WZS*?* °{ lhennai expansion of the coau 
1 1 substrate ^ 1401 matched, stresses 
I J ™ . to ^PaWwg or crazing of the coating 

feuM h^^^' "O 16 COatiD e materials 
gttlO have a low surface tension to mini. 
|« the crawling p f th c coating away fro 
^ges or any holes present during firing. 
g»* Second group of properties ore those 
^Ociated with the use of thc product, such 
^ppeurancc, smoothness, porosity, and 
£**ion resistance to variou^-quidi and 



gases. Almost all vitreous coatings are 
EEf^ 10 * homogeneous, smoom, and 
hard and also to resist abrasion and scraccb- 
;ng. Such a aurfacc is also more apt to be 
nnpervious to liquids and gases and hence 
more readily cleanable. The eolc exception to 
the desire for a smooth surface is the textured 
coating in which a pattern is applied for aes- 
thetic purposes. 

In many applications, chemical durabilirv 
in severe service conditions is a principal rea- 
son for the selection of a ceramic coating (Ref 
. v,Irooi « stings arc rormuiatcd to be 
resistant to a variety of reagents ranging from 

*ll organic media. The only important execo- 
oon , u .hydrofluoric acid, which readily attacks 
all silicate glasses. 

For some applications, the finished ware is 
«o be subjccied to elevated temperatures while 
Hi service. This is a prime reason for the 
selection of ceramic coatings for COOkwarc 
applications and for industrial and militarv 
applications. ^ 
The optical and appearance properties of 
any surface coating material are n£jor con. 
siaeraoons in determining which coating wiu 
be applied. Various possibilities can be called 
for to meet the requirements of a particular 
application. Because vitreous coatings can be 
transparent or opaque; high gloss, satin, or 
matte; smooth, patterned, or textured; and 
monochrome or multicolored, the combina- 
tion of requirements that meets each partic- 
ular application Is extensive. 



• Electronic substrates, =*oDO to 90D °r 
(-1110 to 1650 °F) • C 

' *ESo «SO0 to iOSO «C (-1(530 

• nso^,^ 8toto » -looo to 

1130 C (==1830 to 2100 T) 

• Statural clay and sanltaryware glazes 
-U80 to 1250 e C C*215S to 9280 

• Porcelain glaaet, a 1300 »c (*2370 "F) 

often clashed O0 t„ c basU ^ fl^rLS 
mg practjees reqm« unfi^g gi^, contaln . 
^£SK£ ^ hantflcd to have 

E^i?"" 10 *e work environment. 

must also possess an acceptable level of 
resistance to chemical attack 
Another u, ay TO citify a glaze is accord- 

£i ™J?Y " ,S ^^tuted. Raw glazes 
are prepared from mineral powders (usually 
oxides or cttboaatca) and arc Chemically hm- 
.ted to elements mat can be obtained in maS- 
rlals having low water solubility. Frits axe 
prepaid to allow thc use of water-soluble 
moterwls, which are Erst me ]ted to an in ™ 
UWe glass, and then quenched and broken wo 
For a partially fritted glare, only u,e soluble 
mo^ajs ana sufficient network fomJ to 
make an msoluble glass are fritted. In an all 
intted glaze, ail components are melted into 
the fnt except for necessary suspending agents. 



A ceramic giaw is a vitreous coating applied 
to a ceramic substrate (usually a whScware) 
A great variety of formulations are used as 
glazes (Ref l). Ceramic ware is fired over a 

>1400 «c (1470 to >2550 °F). No single 
glare composition would be satisfactory over 
such a w!de range of temperatures. A glaze 
that melts at low temperature will run off the 
fubsffaa, react wltn u» e substrate, or volatil- 
ize it fired at a high temperature. A given 
glare composition ia generally useful over a 
temperature range of only 30 °C (55 °F) 
Typical firing temperatures for glazes based 
on application can be summarized as follows 
(Rcf 5): 



Markets for Glazed Ceramics 

The total white wares market in the United 
Stales 1* reported to be $3,459 billion id 1959 
(Rcf 6). a breakdown of the U.S. market for 
products using glazes is shown in the chart 
Of rig 1 . 

r~ t.^f^f coaaj1 ^ typically makes up 10 
to 15% of the total manufacturing cost of o 
cerate product. The value of the properties 
provided by the coating usually far outweighs 
tDiS cosl The protective, functional, and dec- 
orative surface that is obtained often serves 
as a primary jelling ftanire of the end product 
Ceramic glazes find their way into a u/idc 
range of applications ranging from coffee rnucs 
to automotive sparkplugs. The major markets 
for ceramic coatings have different require- 
ments. but one common iheme is corrosion 
resistance and cleanabilky. ^jon 
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1062 /Application* for Glasses 

Electrical porcelain and electronic*. 2.8% 



Architectural, cookwaro, 
and miscelianooua 



SOnitenwerotcoetiron) 




Fia 1 F*°* breakdown ol key seom««H of t*w $3.46 billet af, 

21 ker tfi Hie United Sfotes * 



w enamel marker in rhe United Sfotes *^?tfi' 



Rarely sold in a re«dy-tc~use form, ceramic 
glazes are usually formulated and processed 
for application by the end user. 

Role of Specific Oxides in 
dares 

The commonly used oxides in glazes are 

SSi? 5*2?' Ml °>' ***** C* 0 * Sl <>" BaO, 
MffO, 2nO. PbO, U a O. Na^O, and K z O (R c f 
7). Small amounts of fluorine arc sometimes 
used as a partial substitution for oxygen. 

Silicon Dioxide. Most glazes contain more 
silica than all the other constituents com- 
bined. Silica promotes low expansion, high 
durability, and abrasion resistance. Its only 
serious deficiency is its high molting point, 
T m9 of 1723 °C (3133 °F), 

Alkali Oxides, the foremost reason for 
adding other oxides is to reduce the maturing 
temperature. The alkalis are powerful fluxes 
at al] maturing temperatures, and their use is 
limited by the high thermal expansion they 
impart to a glaze. 

Alkaline Earths. The alkaline earths and 
magnesia arc effective Auxee only at > 1 100 °C 
(>20I0°F). 

Zinc oxide is effective at >1000 °C 
(> J 830 °F) and in modest amounts it improves 
the effectiveness of other fluxes. 

lead monoxide is a powerful flux from 
the lowest temperatures to =*1150 °C 
(^2100 °F), above which volatilization 
becomes excessive. 

Boric oxide is effective at all tempera- 
ture*. A$ o network former, it can be used 



with other oxides to get a high fluxing level. 
Above 15% BaOj concentration, however, it 
seriously degrades the durability of die glaze. 

Alumino contributes to the working prop- 
erties of a glaze, improves acid durability, and 
suppresses phase separation and crystalliza- 
tion of the glaze. 

Zirconia is added to a glaze to improve 
the alkaline durability, and, in higher con- 
cemrations, as an ©pacifier. 

Leadless Glazes 

Table* i and 2 gj vc the formulas of a Dum- 
ber of commercial ceramic coatings. The first 
eight of these arc leadless glazes. In these 
glazes, the alkali and alkaline earth oxides 
together with MgO. ZnO. and B^O s , are used 
to provide the fluxing action. 

Hard Porcelain Glaze. Glaze 1 is a fcld. 
spathic glaze suitable for use only on the 
highest firing herd paste porcelains (Ref 3). 

Soft Porcelain Glaze. For porcelains fired 
at lower temperatures, such as soft paste por- 
celain or hard stoneware, glaze 2 would be 
satisfactory (Rcf 8). This gla2e is typical of 
that used on medieval Chinftsf; porcelains. 

Saniforyworv Glove. Glaze 3 is a sanS- 
taryware glaze (Ref 5). It is derived from the 
soft paste porcelain glaze by the addition of 
ZnO m large quantities. 

Brbtol glaze (glaze 4) | S used to produce 
an opaque white coating on stoneware and 
other dark-colored bodies. 

Fast-fire wall rile glazes are derived from 
the Bristol glaze by increasing the amount of 




fluxes to increase the melting rate ^ 
Glaze 5 is a typical example. 

Semrvirreous Dinnerwore Gioigf 
development of glazes for dinncrware-$l 
difficult because of tne lower expanse 
the bodies. Glaze 6 is an example of if' 
for semi vitreous dinnerwore (Ref, 
erel alkaline earths arc used to i 
melting and surface properties. 

Hotel China Glaze. Leadless gia_- 
vitreous hotel china (such as glaze 
very recent development (Ref 

Low Expansion Glaze. Zircon ^ai " 
dierite bodies axe even lower in exp w 
requiring a sorucrystaJiinc daze, such as 
8 (Ref 12). 

lead-Containing Glazes 

Litharge is used In glazes for seyeja.T^ 
sons (Ref 20). The strone fluxing Sc$8g) 
PbO allows the formulation of gpzz^Ma 
mature at temperatures lower than J*eirjj[co3 
less counterparts, thus leading to ereatejr&w 
ibility in the formulation of the glaze 
low expansion, smooch surface, and rrig&R^i 
of the glaze over a wider firing raog?:^* 
axee imparts low surface tension for a^sjnojttl 
surface and a high index of rcfrac^a^?' 
results Id a brilliant appearance. Glaz4?3£p!" 
taining litharge heal over defects in ^IS^ 
surface more readily and ore usually^S' 
corrosion resistant. This combtoationvj 
desirable properties is difficult to acTSjg 
lesdless glazes on a production seale^ 
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1 1 ii Glazes 



i 

HAAJ 
do ret I ttii) 



SoA 



0.30 
6.70 

1.00 
lo!oo 
3 



0J42 
0.133 
0.043 
0.6&0 



0.556 
4.570 



O.lOO 
O.lOO 



0.600 
O.2O0 



0.550 
3.000 



4 

Onstol 


die 


Scroivtfreous 


0.100 
0.100 
0.200 
0.400 
O.JOO 


0.270 
0.040 
0.0)0 
0.350 
0.320 


0.047 
0.081 
0.1)5 
0.066 
0.580 






0.U0 


0.400 
3*500 


0.26O 
0.050 
2.650 


0.367 
0.17) 
2.731 


1 


9 


Vo 



0.070 
0.069 
0.037 
0.301 
0.322 
0.071 
0.039 
O.J 73 
0.180 
2.224 
0.0)1 
IJ 



Glazes and enamels/1063 

rattles 1 and 2 is an sample of a lead-con- 

Cone 06 Artwor* Clocc. Olaze 10 is an 
example of a clear glaze suitable for use on 

(1O00 C. or 1830 °F) (R e f 14). 

Electronic Glorc. The glazes used on alu- 
mma packages for integrated circuit. (ICs) to 
seaJ the package represent the lowest firing 
l^-containing gl^cs. OJaze n is an exam- 

f Sffl^nifiJ^^* Can * 6red ™ 
as 550 C C f 1020 P F) (Ref 15). 

Heavy.Metal Release 



CI— — (oontiAucd) 



Lo* Copc4 
BpMSloo dlnocrv&re 




0.179 


0.150 


0.066 




0.494 


0.740 


0.261 


0.340 


0.200 


0.3JA 


2.S10 


3.369 


12 


13 



ao 

C*mM 



12 



Zinc 
•Kite 



14 

Ll Mr 



0.157 
O.'iifi 



0.635 
0.273 
0.507 
2.792 
0.OZ3 
J4 



1.000 

o.'ioo 
Ys 



O.IM 
0.083 

0.407 
0.371 
0.028 

0.406 
0.143 
2.019 
0.24* 
16 



0.087 
0.032 
0.097 
0.152 
0.364 

0.247 
0.443 
0.142 
1.566 
0.210 
3 



0.040 
0.059 

0.524 



0.377 
0.262 
0.176 
1.7*6 
0.21 i 
2 



Enamels 



0.065 

0.470 
0.054 

; 0.24* 

0-105 
0.0 J a 
0.038 
0.008 
0.J38 
* 0.489 



£-1.623 



vl o.oos 

^'O.Oli 



0.3 ifl 

, 2 



16 
Rome 

0.065 
0.636 
0.052 
0.014 
0.J 57 
0.010 
0.015 
0.015 
0.0 J 3 

0.354 
0.721 



2.17J 
0.162 
0.100 

0.024 

0.0 JO 



fkrt« 



0.36) 
17 



0.135 
0.679 



0.110 
0.047 
0.011 
0.0)9 



0.060 
0.330 



2.820 
0.260 

0.003 



0.349 
17 



16 




CooXUhjouj 


10 


dttv 


Op«QtM 






0.03) 


0.J27 


0.347 


0.646 


0.046 


0.277 


0.034 




0.001 




0.00 1 




0.518 




1.105 


0.094 


0.050 


0.9*0 


0.024 




0.0O3 




1.186 


2.902 


0,173 




0.00 1 


1.1)7 


0.001 




0.039 




0.001 




0.001 


0.112 


0.710 


16 


19 



39 


21 


0.129 


0.198 


0.486 


0.665 


0.34i 


0.J 37 


0.045 




0.040 


0.090 


0,533 


0.344 


2.730 


3.313 


0.SB2 


0.215 


0.151 




0.0 11 


0.724 


0.417 


19 


2 



0.220 
0.660 

0.007 
0.103 



0.044 
0.402 

0.OO9 
2.026 
0.070 
0.807 

0.0 J I 



0.082 
2 



. litharge also has disadvantages 
J constituent. Lead glazed ware must 
rxf * . stro »&ly oxidizing atmosphere 
V*** '* rcadUy reduced. Lead oxide 

&S m if m ' llS0 °C Q100 °F) due 
b.^'V. Most importantly, litharge is 

Moreover, lead poisoning is very 



difficult to diagnose because, its symptoms arc 
similar to other ailments. Therefore, every 
possible precaution must be taken when pre- 
paring lead eJazes to avoid poisoning, and 
ware intended for food contact Should De 
tested as noted below to ensure consumer 
protection. 



- - K Jf^^eoming glazes are not properly 
formulated, they may be less resistant to acid 
attack, which results in the releoac of lead If 
such glaze* ore used in contact with food or 
drink, lead poisoning of the user may result. 
. Cadmium oxide, which is considerably more 
tox,c than lead oxide (Ref 21), is only^cd 
m ceramic coatings in connection with die use 
Of cadmium sulfoselenide pigments, which 5 
already contain large amounts of cadmium 

To control this problem under production 
conditions, standard tests have been devel- 
oped for determining the lead and cadmium 
content released trora glazed surfaces (Table 
JJ. A sample IS exposed to a 4% acetic acid 
solution for 24 h at room temperature while 
covered Tfce concentration in ppm of lead 
and cadmium in the solution i 3 then 
determined, 

FDA Guidelines. The current United State* 
rood and Drug Administration (FDA) stan- 
dard limits for lead released arc 7 ppm aver- 
ago for six samples of flatware. 5 ppm 
™«wnum of six samples of small hollow ve. 
-and 2.5 ppm maximum of six samples of large 
hollowarc (Ref 24,. The standard limits fir 
^° h Ppm average for six samples of flat- 
ware Ve ppm maximum of six samples or 
small hollowarc, and % ppm maximum of six 
samples Of large bolloware. These limits ore 
currently under review, and lower levels may 
poaaft y be applicable by the time this article 
■• IS published (Ref 25). Because of etacistical 
fluctuations in the measurements, opcrarinc 

s t&T&tr u - haif **• 8uide! 

In the FDA test, lead-containing commer- 
cial dimnerware glazes usually release V B to 2 
ppm (Ref 20). Properly designed commercial 
arrware will be somewhat higher. In contrast, 
waro implicated in health cases have all 
released in excess of 50 ppm Pb. 
_ Most glazes Have no added cadmium oxide 
Those that do contain cadmium will release 

Jated (Rfif 21). For this reason, it is best If 
<-oi>-se colors are not used as surface deco- 
rations on glass surfaces char will come in 
contact with food or drink. 

The issue of lead and cadmium release from 
glassware decorated with glass enamels has 
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CompncitJon, of selected 9 l OW5 ond enamels based on weight 



Table 2 
portent 



Claacs 





1 

pofctfarin 


2 

porcelsta 


3 

&2Mt*rymm 


• 


Na 2 0 

K,0 

MgO 

CaO 

ZdO 

SrO 

fifiO 


3.67 
5.1*0 


£24 
3.24 
0.44 
9.7) 


2.05 
3.12 

li.is 

5.39 


i.98 
3.01 
2.S7 
7. IS 
3-19 


AfeO, 


13.24 


14.44 


18.58 


13.01 


SiO, 


79.00 


69.90 


59.71 


67.09^ 





3 






0.3 J 


6.54 


1.81 


1.47 ■ 


3.92 


0.16 


0.96 


7.C7 


11.76 


10. J 6 




4.12 


10.30 


13.53 


J. 36 


4.50 


62.25 


59.09 



diantrwar* 



'*4 



1.61 
2.71 
062 
9.16 
10.94 
3.07 
2.50 

7.37 
5.47 

55.79 
0.57 



Oxfcx 


8 
Loir 
exptostoo 


9 

Cone 4 
dinner*** re 


16 
Cone 06 


Li,0 

K2O 
MgO 
- CaO 
ZAO 
DeO 
FbO 


9.08 
5.03 


1,72 
7^65 


i*46 

3,09 
22.30 


. AW 

»tO> 

Si0 2 
ZjOx 


26.96 
♦.90 

53.91 


9.57 
6.04 


7.04 
8.93 

42.45 
0.72 



PI 


12 


U 
ZJt* 




2*50 


l.9| 




3.84 


1.73 




8.29 


1.38 




3.02 




10.97 


10.46 




1.50 * 




86.14 




19.52 




15.04 


15.99 




3.63 


3-50 


11.80 


44.07 


33.3) 




11. 10 


9.16 



28.87 

9.17 
4.20 

25.00 
8.92 



Eoatbdg 



IS 
Crouod 

0*id* 


N<bO>. 


U.Btf 
13.1S 


K*0 


2.30 


MgO 




CaO 


6."ie 


*«o 


BaO 


7.27 


CoO 


0.47 


n,o 


0.29 


CoO 


0.20 


AJ,0, 


6.35 




15.37 






StbO, 




S(0; 


44.01 


ZrO, 


TiO, 




MnO, 


6*20 


P.O. 


0.70 






wo, 




Mo0 3 




P . 


2.7 J 



10 



tmxfHJO 

0.81 
12.60 
1.56 
0.J8 
2.60 
0.20 
0.73 
0.J0 
0.31 

11.50 
is. 99 



41.55 
6.36 
2.55 
0.66 
0.4S 



1? 

took 



18 

Conriauous 19 



20 

Stroioiwjoc 
cover coti 



G«ar 



2.31 



1-33 
13.92 



2.04 
1.27 
0.36 
0.47 



2.02 
7,60 



56.05 
11.66 

1.81 



3.10 



0.52 
7.30 
1.47 

6.65 



0.03 
0.03 
13.99 

41.35 
1.18 
1.24 
0.30 

24.20 
7.24 
0.03 
0.03 



0.72 



0.S9 
9.41 
6.13 



2.25 
16.13 



40.97 

20.97 

1-30 
0.06 
0.05 

3.17 



1.10 
6.58 
9.15 



1.04 



1.34 
16.33 



46.74 
13*25 



3.92 



1.76 
12.23 
3.83 



2.72 
7.n 



59.07 
7.86 
3.58 



0.*7 
2.35 



4.21 
19.70 

0.J2 
4.15 



1.39 
8.65 

6.72 

37.61 
2.67 
19.03 

O.'ifl 



*lso been addressed through a voluntary qual- 
ity-control program adopted by the ceramic 
mousey CRcf 27). The lip and rim ore a (that 
the top 20 mm, or *y 32 in.) or the deco- 

p£t¥* m{15X ^ 1 ,cach 50 PP~ 

r o or 3.5 ppm Cd wheo analyzed b r Q mod. 



ificarion of the existiog ceramic ware test (see 
Table 3). Failure of one glass in a sample of 
six is cause ror rejection. 

Numerous factors must be considered in 
formula^ processing a glaze to achieve 
low lead and cadmium rcJease: 



H 
Lime 



0.83 
1.91 

10.08 



' TotaJ glaze composition 
1 Thermal history during r*«s™ . ".- 

^phenceondiuonsmatexi,^ 

Of ail these parameters, th c mo . r 
is the glaze composition. * 
Heovy-Metol Release 

developed to predict the heavy^f 
or acid resistance 0/ a oJaze (SW 
position (R Cf 14) . SflicJTS^* 
and sinular ions such as ticanJa and 
^effective in lowering the lead 

Good = 2(A1 : Q>) + (SiO,J + (TiOJ 

+ CZrOj + [SoOj W 

The concentrations given in Eq 1 are i 
£ mo,ar ratio. The factor 2 arises ' 
fact that there are 2 equivalents of - 
10ns per equivalent of Ai a Oj. 
It has also been shown that alkkfik 

tal to the lead release in a glaze: 
Bad s 2<fU 3 Oj * (N a2 o] + fKjO] ' * 
* (BjOJ T r\o 5 ]) -r (MgO) + [CaO] T*~ 
+ IScO] t (BsO) 4- [F] + (ZftO) 
+ [PbOJ 

Combining tnesc terms gives the:! 
merit: 

FM « Coo4/(Bad) ,/3 

•;V,-7. 

When the figure of merit is ^2:0 
release is below the standard/. 
<1.60, some rncasurernents are ffl 
than the standard. This figure df i- 
to all single-phase glazca. In a<0 
line system, ihe formuJadon or tnf 
blc component must be used in the 



Table 3 Standard test fneth 
determining the lead ana^aS 
content released from glciaf 
enamel surfaces used for?!.,. 
preparation when exposed^ 
offock by acetic acid ffi v " 



C738 
C B72 
C805 
C 927 



C 1054 



glased cec&arUe ouffaces. ,.'^<^ 
t**d and cadmium «vJ^«'JVoo»! 

poroelaio enoAel curfb^W-J^i 
Lead and cj»dmiwTp cjuraotbd'j 

glared ceramic die ^ 
LeaO anO caomium eauaccbdjt 

tne Op ana run arcs Of glai >? 

tumblers externally dse^tje 

ceramic glass enamels * 
Lead and csdfluum eitracted? " 

gJazcd ceramic cookwarc 
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f Opaque Glazes 

In opaque glazes, the tr^miitance of the 
Uzc has been reduced to hide the body 
acity is introduced into ceramic coatings 
the addition of a substance that wUl dis- 
rse in the coating * 6 discrete particles to 
lttcr and reflect the incident light (Rcf 5) 
5 dispersed substance must have a refract 
• ^ dex differs from that of the clear 
uxuc coating. 

The rezractive index, n*. of most glasses 
s J * 5 l' 6 ' Tv P icaJ opacif?or3 include SnO, 
to - 2 04), 2r0 2 (n 0 w 2.40), ZrSiO* Cn a 
1.85). and TiO z (no = 2.5 for anatasc and 
L7 for mule). Opacified glaze (glace 12) In 
Juries 1 and 2 b an example of a glaze fired 
t >1000 X (>1830 °E> where zi£on is the 
JCifier of choice (Ref 16). 
n coatings fired at <1000 °C (<1830 °F) 
ma in the anatasc phase is the best opa- 
T because of its high refractive index. The 
■eraturc limit is the point ac which ana- 
inverts to rutUc. Rutile crystals are 
Suitable because they grow too large in glass 
r opacification and then nave a yellow color. 



tin and Matte Glazes 

\ .Satin and matte effects arc also due to die- 
ted crystals in glase (Ref 5). The crys- 
1 ! roust be very small and evenly dispersed 
^ glaze is to have a smooth velvet appear- 
- Matte glaics are always somewhat 
que. Tbc amount of opacity depends on 
, difference in refractive index between glaze 
fT crystal and can be fairly small. Glaze 13 
t Tables 1 and 2 is an example of a zinc 
J 1 ? 26 * nerc toe crystal is waiernite 
1O4) (Ref 2). Claae 14 is a iirnc matte 
^ with a woU«tonitc (CaSiOj) crystal. 

jrcelaln enamels 

|jhe total market for porcelain enameled 
TOOUcts in the United States was reported to 
j-*' 4 * 6 bi,Ji <>n ™ 1989 (Rcf 25). The U.S 
aricet breakdown is shown in Fig 2. 
pmiJar to ceramic glazes, porcelain cnam- * 
* prov,de 00 casy-to-cican corrosion-resis- 
" surrace for many consumer products, 
ue the coating is primarily functional, the 
- of color provides an added sales feature 
ticuiariy in the architectural market. Over- 
corrosion resistance is important; alkali 
stance and resi stance to hot water corro- 
» arc primary concerns for laundry, Rani, 
ware, and hot-water applications, while 
1 resistance comes to the fbrerront in coat- 
b intended for ranges, architectural panels. 
1 cook ware. 

Porcelain enamel coatings are rarely sold 
«y*to-use. Conventional porcelain enamel 
IhHf? ^.P^P^ «n aqueous system 
M*au nulling and applied to me substrate 
!*pr«y, oi Pt or now coacinfi. The coating 
"Owed to dry before firing. Newer ccch- 
*EV involves dry application of powdered 
«J* D enamel oy electrostatic spraying, 
ury application eliminates the waste dis- 



posal problems associated with wet ball mill- 
ing, subsequent application, and the washing 
and cleaning etepe. 5 

Adherence 

A porcelain enamel must not only act as a 
protective and aesthetically pleasing surface 
but It must also bond to the metal! ubsn^c' 
For proper adherence of the enamel to the 
r?!5L ir - 13 ncccssa ^ t0 develop a continuous 
elccTOmc structure or chemical bond across 
the interface (Ref 2P). This continuity requires 
that both the enamel coating and the substrate 
metal be saturated at the interface with an 
oxide of the metal (Ref 30). This oxide, which 

% T J£ U ™ 5tt f sut > scrate * is ferrous oxide 
(FcO), must not be reduced by the metal when 
« is in solution in the glass. 

Surface roughness also generally improves 
amierence by creating a creatcr contact area, 
but it is Of little value if the chemical bond 
*s weak. 

To develop a continuity of atomic and 
electronic structure between an enamel and a 
metal substrate, a compatible transition layer 
is needed that is in equilibrium with both £ 
metal substrate and the glass coating at the 
interface (Ref 29). This zone must include at 
least a monoraolecular layer of an oxide of 
the metal and is stable only when both the 
metal and the glass at the interface are satu- 
rated with this metal oxide. 

Certain transition metal oxides (for exam- 
ple, CoO, NiO, and CuO) can be added to 
an enamel formulation to improve the adher- 
ence between the metal and the substrate 
These oxides increase me rate of the reac- 
tions in the adherence process and stabilise 
the saturation of the interface with the critical 
coode. Ground coat enamels contain adher- 
ence oxides while cover coat enamels lack 
adherence oxides. 



Glazes and Enamels/ W65 

inrm^rZV^ Co ° ,infl - Enamel IS 
£n Tw? ^ l lsz ttMKfcttom clean coat- 
?T been ^oped to provide a nS 

tue internal surfaces of ovens during normal 
operation (Ref 18). normal 

Cover Coat Enamel* 

lateS™^!,^!^ cn ™ cls w formu- 
P rov "* c specific color and appearance 
characteristics, abrasion resistance, %urf?^ 
harness resutance to corrosion, and heat an^ 
Z^?* ck raiscance - These enamels can 
£ semiopamje. or opaque depending 

on the application: • 



pastel 



Opaque enamels foe white and 
coatings 

SemJopaque enamels for most medium- 
strength colors 

2to£ WI ° nttb * pr0(1UCe stron * bTi * h * 



Ground Coat Enamel* 

Enamel 15 in Tables 1 and 2 is a typical 
* 0 Sencral-purposc ground coat 

enamel. These enamels arc alkali borosiii- 
cates that contain small amounts of the adher- 
ence oxides to promote me bonding .process 
In addition to adherence, these coatings pro- 
vide a Chemically protective loycr that mini- 
mizes surface defects, 

Ground coat frits can also be formulated 
for particular end-use purposes. 

Home laundry Enamel, enamel 16 in 
Tables 1 and 2 is a home laundry enamel that 
has been formulated for outstanding alkali 
resistance through the addition of large quan- 
tities of Zr0 2 (Ref. 17). 

Hot-Woter Tank Enomel. An application 
with very stringent thermal and corrosion 
resistance requirements is a hot-water tank 
Enamel 17 in Tables 1 and 2 is a hot-wnter 
tank enamel. The higher concentration of SiQ 5 
and the Jower concentration of B,0, reflect 
me higher Urine temperature necessary to 
obtain the requisite thermal and chemical 
resistance properties. 



Opoque cover coot enamel* (for exom- 
pte enamel 10 in Tables 1 and 

SSi?^^ P?- 19 ' 31 * 32) - Usually, 
all me TiOa is melted into a clear frit. During 
the finne process, tbb frit partially crystal. 

^^./T* 3 * ^ rcqukea ^Pacification. The 
Cftwneis have excellent acid resistance and 
laiTly good alkali resistance with reflectances 
ranging from 78 to 88%. 

Semiopoque Cover Coot Enamel. 
Enamel 20 in Tables 1 and 2 is an example 
of a ocmiopaquc cover coat enamel. These 
* na tcrial$ do not differ qualitatively from fully 
opaque enamels. The concentration of TiO, 
is reduced to the level at whlcn the system is 
compatible with the use of pigments; 

Cleor cover coot porcelain enamels Such 
as Enamel 21 in Tables 1 and 2 are used in 
conjunction with appropriate pigments for the 
production of strong and mcdium-scrcngih 
colors and arc similar to ground coat for- 
mulations without the adherence oxides. 

Areh.fecTurol Cover Coot Enomels. The 
architectural siding industry requires cover coat 
enamels of low gloss and e ood weathcrabil- 
ity/durabUity. Enamel 22 in Tables 1 and 2 
10 an example of an enamel for this applica- 
tion. The high zinc oxide conceneranon is the 
source of the low gloss finish imparted to the 
coating. 

Glass Enamels 

Glass enamels are applied to glass for dec- 
ocaovc purposes and not to improve chemical 
durability orcieanabiUty, Because these coat, 
tags are matured at temperatures below the 
deformation point of the glass substrate (3*0 
co 050 X, or 1000 to 1200 Q F) and require 
larger quantities of fluxing elements, corro- 
sjon resistance can be difficult to obtain. 

Glass enamels arc produced in ready-to-use 
form (for example, paste, thermoplastics, 
spray media, and ulcravioiet curable media) 
by a few select manufacturers. These enam- 
CIS are rarely compounded by the end user 
and represent a specialty product Chat is more 
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akin to organic paints than to other ceramic 
coatings. 

The markets for this specialty product arc 
categorized as tableware, glass containers, 
architectural, lighting, and automotive. There 
arc no published figures on the value of the 
specific portion of the glass market that is 
decorated with glass enamels. 

As supplied co the user, glass enamels arc 
mechanical mixtures of pigments (see the 
section "Ceramic Decoration* in thb article), 
fluxes, and organic suspending media. The 
requirement for low maturing temperature* 
necessitates the use of very high lead-oxide 
containing boro silicates for the flux. The 
industry relies on in-house control tests to 
ensure acceptable levels of lead release from 
decorated, areas that might come in contact 
with food or drink (see the section on •Heavy- 
Metal Release" in this article). 

The organic suspending media for glass 
enamels are similar to materials used to make 
organic paixsc*. 

Ceramic Decoration 

Techniques for Coloring Vitreous Coat- 
ings. There are a number of waye to obtain 
color in a ceramic coating (Rcf 33). In one 
method, certain transition metal ions can be 
melted into a glass when it is made. While 
suitable for bulk glass, this method is rarely 
used for coatings because adequate tinting 
strength and the purity of color cannot be 
obtained by this process. 

A second method to obtain color is to induce 
the precipitation of a colored crystal in a 
transparent matrix. Certain materials dissolve 
to some extent in a vitreous material at high 
temperature. When the temperature is reduced 
the solubility is also reduced and precipita- 
uon occurs. This method is used for opaci- 
fication (that is, the production of an opaque 
white color). Normally, some or ail of the 
opaeificr added to the coating dissolves dur- 
ing the firing process and recry$taUi2ec upon 
cooling. For oxide colors other than while 
however, this method laclcs the necessary 
control for reproducible results and is seldom 
used. 

The third method to obtain color in a vit- 
reous matrix is to disperse in that matrix one 
or more insoluble crystals that arc colored 
The color of the crystal is then impaired to 
the transparent matrix. This method is the one 
most commonly used to introduce color to 
vjcreows coatings. 

Pigment Systems. To be suitable as a 
ceramic pigment, a material raujt have a nigh 
timing strength, a high refractive index, and 
be tree of grayness. It must also possess sta- 
bility under the high temperatures and cor- 
rosive environments encountered in the firin* 
of glazes (Ref 32). Most ceramic pigment 
are complex oxides (see Table 4) with the lone 
excepnon being the cadmium sulfoselenide 
red pigments. 



ITU ,wor3onit pt9ments to impart ♦«» ~— - «,ot,„ 95 Js 



rink and purple 

CKro/r>».aJumiAa- pink 3 pine J 
Chrome -alumina-pink corundum 
M^n((wtooe-ttJanun«-plnJc corundum 
Zirconium -iron ptnfc zircon 

Chromatin orcaid cassttentc 
Chromatin pink spnene 
Brown 

zinc-jTon-chromite brown spinel 

Iron-chromiie brown spinel 

Iron* titanium brown spinel 

NicJcd-ferme brown spinel 

Zmc-ferrite brown spine) 

ban brown bewume 

Chrome- iron-mAngaoete brow^ epinel 

CbnsmiuoHfnan^aneM-zino brown spineJ 

Yellow 

Ziroonlum-wsdluni yellow DAflaclcytre 
Tm-v&nacttua) ycJtow cassiteriie 
ZtrcoDiuai-praseodynaium yellow zircon 
Leao.MiUmonste yellow pyrocalore 
NlcfceJ-annmooy-ii&nium yellow rurile 
Nicfcd-aiebium-oianiujn yellow rvtile 
Cbrome-anumony-iitanium buff mrile 
Chrome-niobiunviitaaiun) buff cudU 
Chromc-cuwarteo-dcanium buff *ut>ic 
Mancane$e-anumony-bou»;urn buff *-^ti)© 



Chromiu»-ereeo hem- tit • 
GnbAiuohromlu b|u*-green spinel 
Cob&Jt-chromito grcco yp\ac\ 
Cobali-titonotc eiau spine) 
Vioxo/io green gamei 
i^ickcJ-sUicafc green onvinc 
Blue 

CObaft-aJuminoie blue spinel 
CobaJt-zine-alu minaie blue spinel 
Cobili.sUicare blue olivine 
Cobalt-tinc-suieaifi blue phenarite 
Cobalt-tin blue-OTy SpineJ 
Cob&lt.rin-alumina blue ftpinel 
Zirconium- vani»diu#r> blue zircon 



CAS 
rejisiry 
ovcnoertoi 



68201-65-0 
68187.27-9 
68 J 86-90.2 
68187.13-3 
68187-53*1 
68187-12-2 

6filK&-Sg-0 
68J87-OQ-7 
6* 187-02-0 
68167.10-0 
66167-51-9 
6fl J 87-33-9 
Ca333*00-G 
71730-83-9 



66 J 87.0 1-9 
66186-93-6 
68187-15-5 
68)87.20-2 
71077.18-4 

68)86-90-3 
686)1-^2-7 
68186-92-5 
684)208-4 



CS« 909-79 .5 
0B167-U-1 
68167^19.5 
66186-85-6 
68553.01-5 
68515-64.4 



68186- &6.7 
6*186-87-* 
68)87^*0*6 
68*12.74-8 

68187- 05-3 
68008-09-3 
08 186-93-8 



iron-cobalt bUok spinel 
1/O/i-coboJ t-chromits blsck spinel 
Mongoneae-fcfritc black SpineJ 
Ooppcr-chromJie Blade Sptnel 
Chromium black homauie 
Chromium-iron-nicicei black spinel 
Cray 

Cobalt-nickel gray per icJase 
Ti tani urn -vanad i um -anti mony gray rutile 
Tin-antimony cray eassiiorite 

yu CaS. Cheque* Abstract Service, (W DCMa. Dr, Color MaarfaaurenV 



68187-50-8 
68186.97-0 
68 1 86-94.7 
66166*91-4 
68909-79-5 
71631.15-7 



68 J at. 8 9-0 
68187.00-8 
6fil87-S*-2 



Cbetnlmi fe^u 




2n(Al.Cr),0, 
(Ai.Crta 
CAI.Mn^O, 
O.FejSiO, 

CaOSnf3 2 SiOj f Cr 


■ ill 


(2o.Pt)(Fe.CrfcO. 

FWTe.COzO, 

Fe,TIO, 

Nire 2 0, 
(Zfc.Fc)Fe*0< 
FeA ' 

£e f Mn)(Fe.Ci\Mn),o. 
C2n,Mn)Cr,0- 




(2r,V>0. 

C2r.by)SiO. 

PbrfbjO, 

(TLrci^Oj 

CTJ.Cf.SojO, 
CTl.Cr^rt»f33 
(71,Cf.W)0 3 
CTi.Mn.Sb)0, 


vim 



cevno, 

3CaOCr,0,3s;o, 
hTi^iO, 



CoA!,0 # 
(CoJJn)AUQ, 
Co,3;o 4 
(Co^n^SIO, 

COjSoO! 

CoAJ^^/COjSnO, 
(Zr.V)SrO, 



(Fe,Co)FcO, 

(Co.FelCFc.CrijO. 

0 s e.Mn)fft:.Mn) 3 O, 

CuCr^X 

(CrJe)A 



(Cc.t*iyO 

CTi.V.3b)0 : 

Oh f 3b)Oj 



Red Pigments. Orange, red. and dark rcO 
colors are obtained only by tne use of the 
cadmium sxilfoselcnide pigments (Rcf 21, 35). 
Because cadmium compounds are highly toxic 
(Ref 36). the cadmium sulToscJenidc pig- 
ments should not be used in applications that 
will come in contact with food and drink. 
Moreover, these pigments must also be nan- 



\4W 

•t ~ JTT 

died witii great care to avoid thc yptos 
of ingestion. "Mft* 
Pink and Purple Pigments. ChroiSj 
xnina pinks (Ref 37) impart pinx ; 
glazes suitably formulated. The. n^nr 
alumina pink is a very pure clean -^in 1 
it is dinicult to manufacture. Therooa" 
pink pigroeni is the iron-doped Urcpf 
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f 38) in which che shades of color extend 
; ji pink to coral. The chrome-tin system is 
j only family that can produce purple and 
~— i shades a* well as 0 pink snaac (Rcf 

%town Pigments. The zinciron-chromite 
iels (Ref 40) produce a wide palette of tan 
brown shades. The other browns arc 
— ^Of this System for specific 

Wfow Pigments. Zireonla vanadia yd- 
vare cconomicaj pigments for use with 
ings fired at >10O0 °C (>1830 °F) when 
i tinting strength is not required (Ref 41) 
i; vanadium yellows are a strong yellow 
* but *« v «y costly to produce (Ref 42). 

praseodymium zircon pigments have 
jflcnt tinting strength in coatings fired to 
iigb as cone 10 (Ref 38). For lower-tcm- 
jturc oppheatiens, me tinting strength of 
jfeaa antimonate pigment is unsurpassed 
Vthe exception of the cadmium aulfbsel- 
es. The rutile pigments yield yellow 
£c yeuow, or maple shades useful in P or. 
1 enamels and gJass enamels. 

n Pigment*. Omen Cr 2 0 3 may be used 
f applications (Ref 43). The zinc-alu- 
|chromite biuegreeu pigments give shades 
l^bluc to blue-green when used in strong 
Jtones. The Victoria green gives a trans- 
"t bright green color. Because of diffi* 
* inherent in the use or chromium- 
liug pigments, many green ceramic 
i5 e J 10 , w made with zircon pigments 
JS). stable greens are obtained with a 
I Of about 2 parts of the praseodymium 
n yellow, to 1 part of the vonadium zir- 



p Pigments. Cobalt blues, both the api- 
lAliQj and the silicate (Co^S iOO forms, 
highest daring strength colors used in 
,c 5 (Ref 44). At the higher firing tem- 
s used for ceramic glazes, they often 
bleeding defect. At these specific 
?njres. the vanadium-doped zircon blue 
I (Ref 38). 

* Pigments. Biaclc ceramic pigments 
firmed by mixtures of several oxides to 

. spinel structure (Ref 45). The one 
n is the chromium black hematite, an 
^ pigment suitable for use in zinc- 
Stings (Ref 46). 

Pigments. The cobalt-nickel gray 

* uses zirconla or zircon as a carrier 
is ingredients of blacks such as cobalt, 

» *ron, and chromium oxides. The ota- 
- "adium ruollc can be used in porce- 

Applfcotton In Coatings. When 
?g pigments for a specific coating 
- , UOn. consideration mu3t be given to 
|V?wi 0 g parameters (Ref 47); 

sssiDg stabiliry requirements 
wot uniformity and reproducibility 
«Cle size disttibuuon 
" ^Ubility of all materials to be used 
»80be or body stain must be stable to 



the bisque fire. An underglaze color or a col- 
ored glaze muat be stable io Che glost fire and 
to corrosion by me molten *la2e ingredients. 
An ovenrla2e or glass enamel must only be 
stable to the decorating fire and CO corrosion 
©y the molten flux used in the application. 

For most ceramic pigments, uniform and 
reproducible manufacture requires great care 

I^?L*??£? g i" a b,end < no component 
Should be <\0% of the mix. 

Most calcined ceramic pigments are in the 
1 to 10 u.m (40 to 400 (ULin.) range in mean 
panicle size, widi no residue on a 325 mesh 
(44 M-m) screen. The optimum particle Size 
for an application Js the largest size that gives 
uniform dispersion and adequate strength in 
opacified coatings. u 

A ceramic pigment must function as a 
component in a glaze or porcelain enamel 
system. Thus, it must be compatible with the 
other components (that Is, the glaze itself . the 
opaclfier(s), and the other additives). 
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Cost Factors and Product 
Availability 

Owing to the limited market and the vari- 
ety and complexity of the produces, ceramic 
pigments are manufactured by specialty firms 
and not by the users. The principal producers 
are Ceramic Color and Chemical Corpora- 
tion, Drakenfcla Colors Division of Ciba- 
Gdgy Corporation. Englehard Corporation, 
Femo Corporation, General Color and Chem- 
»ool Corporation, o. Hommei Company 
Mason Color and Chemical Corporation, and 
Mobay Corporation. The cost of ceramic pig- 
ments ranges from S9 to $50/kg ($4 to $20/ 
Jb) or even higher, depending on the ele- 
mental composition and the processing 
required. * 
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